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INTRODUCTION
Poultry egg and meat production is an important economic activity worldwide. However, one of the obstacles of this industry in some Brazilian regions is the lack of availability of corn and soybean, which are the main feedstuffs of poultry diets, consequently increasing production costs (Batalha et al., 2018) .
Studies on alternative feed ingredients have shown their potential inclusion or replacement of conventional feedstuffs in poultry diets in order to reduce feeding costs, which represent 70% of the total production cost (Cruz et al., 2016) . The inclusion of by-products in poultry diets requires lower investments because of their lower cost, while supplying high nutritional levels (Enke et al., 2010) .In this context, fish by-product silage has significant economic advantages, as their production requires simple technology, independently of the production scale (Hisano et al., 2012) , as well as allows the low-cost transformation of waste materials into high nutritional quality feedstuffs and minimizes environmental pollution (Batalha et al., 2018) . eRBCA-2018-0869 Based on this perspective, the objective of using fish by-product silage as an alternative ingredient is to enhance productivity and profitability and should not negatively affect animal performance and physiology. This requires a clear understanding of its protein and mineral contents, energy level, as well as nutrient availability and utilization by the birds (Oliveira et al., 2012) .
In view of the above, this study aimed at determining the chemical and nutritional composition of tambaqui (Colossomamacropomum Cuvier, 1818) waste biological silage meal and the effects of its dietary inclusion in commercial layer diets on nutrient apparent digestibility and energy metabolism.
MATERIAL AND METHODS
The experiment was conducted at the Fish Technology Laboratory, College of Agrarian Sciences (FCA), Federal University of Amazonas (UFAM), Manaus, State of Amazonas, Brazil, where the procedures for obtaining biological silage made of tambaqui (Colossomamacropomum Cuvier, 1818) waste were developed, and its physical and chemical composition was determined; and at the Poultry Sector, located in the same facilities, where the digestibility assay was performed.
The experimental procedures were approved by the Committee for the Ethical Use of Animals (CEUA -protocol n. 053/2017) of the Federal University of Amazonas, Manaus, AM, Brazil.
The tambaqui by-product silage was prepared with viscera, fins, few scales, and gills discarded from the processing of tambaqui-curumim (fish weighing 500 to 800 g). The material was obtained in June 2017 from a commercial fish processing plant located in Manaus, and was transported in a thermal box (50 L) to the laboratory.
The residues were ground (5-mm mesh), weighed, and5 kg of the ground mass was placed in individual 12-L plastic buckets. The following materials were added to each bucket: 2.5% (volume/weight) of inoculum (pure cultures of the bacterium Lactobacillus plantarum as proteolytic microorganisms), 7.5% (weight/weight) of shredded manioc (Manihot esculenta Crantz) as a carbohydrate source; 0.1% (weight/weight) of benzoic acid as fungicidal and bactericidal preservative, and 0.1% (weight/weight) ascorbic acid as antioxidant, according to the method proposed by Vidotti et al. (2002) .The material was thoroughly homogenized, after which the buckets were hermetically sealed in order to provide anaerobic conditions. Buckets were stored at room temperature (32.5 ºC) for 14 days.
Every three days, mass hydrogen ionic potential (pH) was measured using a bench pH meter, and titratable acidity by titration of 0.1N NaOH, using 0.5 mL of phenolphthalein (1.5%) as indicator. The changes in the product were accompanied by observations of the organoleptic characteristics color, aroma, and texture.
After 14 days, the silage was dried in a forcedventilation oven for 72 hours at 65 ± 2ºC. At the end of the drying period, the total yield of the dry product was 20% relative to the fresh ensiled mass, and ground to obtain the biological silage meal made of tambaqui waste.
The chemical composition (dry matter, crude protein, ether extract, ashes, non-nitrogenous extract and crude fiber) of the fresh waste and biological silage were determined according to methods proposed by Silva and Queiroz (2012) . Both products were digested in nitricperchloric acid and the mineral contents were quantified by atomic absorption spectrophotometer (calcium -Ca) and by colorimetry (phosphorus -P) in a spectrophotometer, using ammonium molybdate and ascorbic acid, according to the methodology described by Sarruge & Haag (1974) at the Laboratory of Soils and Plants of EMBRAPA Amazônia Ocidental, Brazil.
The diets (Table 1) were formulated using the software Supercrac (2004) to meet the layers' nutritional requirements and according to the feedstuff values of the Brazilian Tables for Poultry and Swine (Rostagno et al., 2011) , except for the chemical composition of tambaqui waste silage. Seventy-two, 62-week-old Hisex White hens were housed in 12 cages (1.0-m long, 0.45-deep, 0.45-m high), with 0.50-m internal lengthwise divisions.
Birds were weighed to standardize the plots, presenting an average weight of 1.41 ± 0.0656 kg, and distributed according to a completely randomized experimental design into two treatments with six replicates of six birds each. The treatments consisted of a control diet (based on corn and soybean meal) and an experimental diet with 5% inclusion of tambaqui waste biological silage meal (TWBSM). The experimental period lasted for 12 days, considering seven days for adaptation of birds to the diets and facilities and another five days for excreta collection and data recording, according to methodology proposed by Rodrigues et al. (2005) and Sakomura & Rostagno (2007) .
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At the end of the excreta collection period, samples were thawed at room temperature, homogenized per experimental unit, driedin a forced-ventilation oven at 55ºC for 72 h, and then ground.
Both the experimental diets and the excreta samples were analyzed for dry matter, crude protein, ether extract, crude fiber, and ash contents, according to the techniques described by Silva & Queiroz (2012) .
Based on the analysis results, the coefficients of nutrient digestibility (%), metabolizable energy values (kcal.kg -1 ), and the coefficients of apparent metabolizability of gross energy of the diets (%) were calculated according to the equations described by Matterson et al. (1965) for poultry feed evaluation (Sakomura & Rostagno, 2007) .
Statistical analysis was performed using the software Statistical Analysis System (SAS, 2008) and treatment means were compared by Tukey's test at 5% significance level.
RESULTS AND DISCUSSION
The pH and titratable acidity of the tambaqui biological silage was monitored over 72-h periods for 14 days and the results are presented in Table 2 . Initial pH and titratable acidity were 5.95±0.06 and 3.11±0.10%, respectively. The increasing acidity observed during the first 72 h is consistent with that verified by Jatobá & Oliveira Filho (2017) . This fast pH reduction during the first 72 hours indicates fermentation by the added homofermentative lactic acid producing bacteria, which was accelerated by the carbohydrates available in the medium. Silva (2015) reports that fermentative processes that occur in the medium reduce the pH from 4.5 to 4.0 in 48 to 50 hours of inoculation.
On day 14 after the mass was ensiled, the medium remained acidic, with 5.27±0.16 final pH and 3.87±0.04 final titratable acidity, in agreement with the values reported by Nascimento et al. (2014) in fishwaste biological silage at 13°C on day 18.
Changes in the organoleptic characteristics of the ensiled mass that may have compromised its quality were not observed. According Honorato et al. (2011) , the quality of biological silages is directly associated with the production of lactic acid in the medium by lactic-acid bacteria. According Nascimento et al. (2014) , the fast pH decrease of the fish-waste mass during the first hours of ensilage is essential to prevent the growth of pathogenic bacteria, such as Clostridium botulinum, and the production of toxins. The replication of coliforms, Staphylococcusaureus, and Salmonella spp. are restricted by acid pH, anaerobiosis, and by the presence of some antibacterial substances produced by lactic-acid bacteria, which are also responsible for the production of odor of fish-waste silage (Maia Junior & Salles, 2013) .
During the biological process of silage production, there were evident organoleptic changes of the
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The chemical composition of the biological silage (Table 3 ) was significantly different differences (p<0.05) from that of the fresh waste of tambaqui. It was observed that the ensiling process considerably improved the availability of nutrients in the final product compared with the fresh waste, as observed by the values calculated on dry matter basis. According to Vidotti et al. (2002) , fish waste source and processing method, including fish species, head size, production system, body fat content, etc.) greatly influence the chemical composition of the final product. In the present study, only the waste of tambaqui processing (viscera, fins, few scales, and gills) was used. Large tambaqui have high meat yield, but accumulate high volumes on non-edible fat in the viscera (Kubitza, 2004) .The waste ensiled in the present study derived from tambaqui weighing 500 to 800g, which present low fat accumulation in the abdominal cavity, in addition of lower viscera yield and higher fillet yield compared with larger fish (Lima et al., 2018) , consequently providing higher levels of protein, soluble carbohydrates (non-nitrogenous extract), insoluble carbohydrates (fibers) and gross energy.
The obtained crude protein content of the evaluated tambaqui biological silage (33.29%) was close that that reported by Honorato et al. (2012) , of 33.62%, in tilapia fillet waste silage and lower than that observed by Cândido et al., (2016) , of 39.01%, in the silage of tilapia mortality during production.
The high ash content observed may be attributed to the presence of fins, few scales and gills in the tambaqui waste. The obtained calcium (Ca) and phosphorus (P) levels are lower than those found by Batalha et al. (2017) in pirarucu waste acid silage. According Sankar et al. (2008) , fish scales are composed of connective tissue proteins, collagen, and covered with calcium salts and other minerals, which increase the ash content of fish waste.
The calculated coefficients of apparent digestibility (CAD) of the dietary nutrients are presented in Table 4 . The CAD of dry matter, crude fiber, and ether extract were significantly different (p<0.05) between the control diet and that containing 5% TWBSM, indicating that the layers fed the diet with 5% biological silage meal showed better nutrient utilization than those fed the control diet. These results may be attributed to the higher nutrient content of TWBSW compared with that of the conventional control diet. Tambaqui waste biological silage meal can be considered a protein source (33.29% on DM basis). Despite not being significantly different from that of fresh waste (p>0.05), the coefficient of crude protein of TWBSM is high, which are possibly due to protein hydrolyzation by microorganisms through lactic fermentation during the ensilage process, resulting in a product that is a source of autolysed proteins of high biological value. According Ramírez-Ramírez et al. (2008) , feeding monogastric animals with diets which protein includes a pre-digested portion favors protein digestibility. Consequently, the availability of free amino acids and small peptides that can be easily absorbed may enhance protein deposition in animals that most depend on the protein content of exogenous diets (Honorato et al., 2011) .
In the present experiment, the layers fed the diet with 5% TWBSM showed better dietary fat utilization than those fed the control diet, as demonstrated by their higher ether extract CAD (P<0.05). This result may be attributed to the high ether extract content in this feedstuff (33.65%). Yamamoto et al. (2007) reported that freshwater fish silage has high fat content and digestibility due to its lipid composition, allowing its easy absorption by sheep. Several studies (Widjastuti et al., 2011; Rahman and Koh, 2016; Batalha et al., 2017) reported that the inclusion of fish silage in poultry diets provided high dietary nutrient digestibility.
The dietary apparent metabolizable energy (AME) contents and the coefficients of apparent energy metabolizability (CAEM) are presented in Table 5 . Although no AME content differences (p>0.05) were detected between the control and the 5% PWBSM diets, the higher CAEM (p<0.05) obtained in the layers fed 5% PWBSM compared to those fed the control diet indicates better utilization of dietary energy. CV -Coefficient of variation; *Means followed by different lowercase letters in the same row are significantly different by Tukey's test at 5% significance (p<0.05); nsnot significant. Oliveira et al. (2014) determined ME ranging from 3,804 kcal.kg -1 to 3,842 kcal.kg -1 in broilers diets including 40% fish waste meal ensiled with different carbohydrates sources.
The results of the present experiment showed that the diet containing tambaqui waste biological silage meal had high AME content and gross energy metabolizability. In pigs, Cândido et al. (2016) observed high ME value (4,032.09 kcal.kg -1 ) when fish silage meal was included in the feed. However, the ME value differences among studies are related to variations in the chemical composition of feeds rather than to animal physiology differences (Calderano et al., 2010) .
CONCLUSIONS
Our results indicate that the biological silage meal produced from the residual biomass of tambaqui can be included up to 5% in commercial layer diets as it has good nutrient digestibility, and therefore, may potentially be used as a dietary energy and protein source.
